Background: Data on the epidemiology and costs related to herpes zoster (HZ) and postherpetic neuralgia (PHN) in Spain are scarce; therefore, studies are needed to evaluate the epidemiological and economic impact of HZ and its most common complication, PHN. The present study aimed to estimate the clinical and economic burden of HZ and PHN in Valencia (Spain). 
Background
Herpes zoster (HZ) is caused by the reactivation of a latent infection with varicella zoster virus (VZV) after primary chickenpox. HZ is characterized by a localized eruption of vesicular lesions following the trajectory of a sensory nerve, and by the presence of pain and inflammation of the affected nerve root [1] .
The most frequent and debilitating complication of HZ is postherpetic neuralgia (PHN), defined as neuropathic pain that appears in the dermatomes affected by the VZV infection. Pain associated with PHN can be very severe and disabling and has a significant impact on a patient's quality of life [2] .
Studies carried out in a number of countries have shown that the incidence and severity of both HZ and PHN increase significantly with age. The annual incidence of HZ reported in population-based studies from several countries ranged from 1.2 to 4.8 cases per 1,000 inhabitants/year. The lifetime risk of HZ can be as high as 30% and increases markedly with age, affecting 50% of people living to 85 years of age [3] [4] [5] [6] [7] [8] [9] [10] [11] . PHN affects 10-70% of patients with HZ. This wide range is partly due to differences in the definition of PHN used in different studies and to the age range of the study populations from which these estimates were obtained. Thus, in older patients, the prevalence of PHN among patients with HZ is likely to be closer to the upper boundary of that range [12] .
In a previous study we reported an annual incidence of HZ of 4.1 per 1,000 persons > 14 years of age (95% confidence interval (CI) = 3.4-4.7) and described the clinical and epidemiological characteristics of HZ in Spain [13] . Our results were consistent with previous findings by other authors in Spain [14, 15] , and in other European [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] and non-European [8, 10, 11, [26] [27] [28] published studies.
Data on the epidemiology of HZ and PHN in Spain, and on the associated costs are scarce; therefore, studies are needed to evaluate the epidemiological and economic impact of HZ and its most common complication, PHN. The present study aimed to estimate the clinical and economic burden of HZ and PHN in the primary health care system in Spain.
Methods

Design and setting
During a 1-year period (from 1 st December 2006 to 30 th November 2007), a prospective study was carried out in 25 primary care general practitioner (GP) offices of the public healthcare system of the Autonomous Community of Valencia, Spain. We selected a convenience sample of 25 GP offices from rural (n = 6), urban (n = 10) and semiurban (n = 9) areas that were considered to be representative of this Autonomous Community.
Study population
During the study period, all patients > 14 years of age who attended the investigators' offices and were clinically diagnosed with HZ were considered to be eligible for inclusion. All patients who agreed to participate in the study signed an informed consent form prior to their participation. For each patient, information was collected on demographic attributes, personal clinical history, clinical characteristics of the HZ episode and associated complications, medical visits and medication used to treat the episode or its complications, and work absenteeism of the patients or their carers. The information was obtained by interview with the patient and by review of their medical records. No further medical visits were planned for study purposes. Patients were telephoned the day after the diagnosis, and four times during follow-up (at 1, 3, 6 and 12 months after diagnosis). If the patients reported pain, they were contacted monthly until disappearance of the pain. In those cases where patients could not be accessed by phone, they were visited at home by the study investigators in order to establish their clinical status.
One hundred and forty six patients were diagnosed and invited to participate. Those who declined to participate (n = 16; 10.9%) were anonymously counted as HZ cases to allow a real estimate of the incidence of the disease. Of the 130 participants, 1-year complete data was obtained in 118 patients (90.8%). Thus, we had incomplete follow-up data for 12 patients (9.2%): six died because of factors unrelated to HZ, two withdrew voluntarily from the study and four patients were lost to follow-up.
Study measures and definitions
For the purpose of the present study we considered a case of HZ as a localized eruption of vesicular lesions following the trajectory of a sensory nerve as well as pain and inflammation of the affected nerve root. This definition was purely clinical since no other confirmatory test was necessary. A diagnostic test was performed only if the GP determined that it was necessary.
We defined PHN as the presence of any pain, without specifying a numerical threshold of intensity. We believe that this definition is in accordance with most publications in this setting [27, [29] [30] [31] [32] . PHN is defined as pain that persists beyond the acute phase of an HZ episode. For this study, we considered PHN1, PHN3, PHN6 and PHN12 as pain persisting 1, 3, 6 or 12 month(s), respectively, after the onset of the rash. We defined "recurrence" as the development of cutaneous lesions on the site of a previous eruption or at a different site, which occurred beyond 3 months after the index HZ episode was diagnosed. Recurrent HZ was not counted as a new case.
Direct costs were evaluated as those derived from medical care and medications, and included: 1) the number of medical visits: primary care visits, primary care emergency consultations, specialist visits, other professional visits, hospitalizations, hospital emergencies; 2) medications prescribed and/or consumed; and 3) diagnostic tests. We included the costs arising from symptoms occurring in the time period preceding the vesicular rash, and all patients were asked, as per protocol, about these outpatient or hospital visits during the initial interview.
The unit costs for the medical care variables were obtained from the Valencian Community Official Registries (Presupuestos del Ejercicio 2008 de la Generalitat Valenciana) [33] and the cost of medications was obtained from the Vademecum ® 2007 Edition as a reference for each medication price [34] . Indirect costs were defined as the productivity losses of patients and/or their carers, which were calculated from the number of hours of work missed related to HZ. The cost for an effective working hour in 2007 was obtained from the Spanish National Institute of Statistics [35] . For the present analysis we also took into consideration whether patients were active workers (for which 60% of the cost of medications is reimbursed by Spanish Social Security) or pensioners (for which 100% is reimbursed) [36] . All costs are presented in 2007 Euros (€).
The study was approved by the Clinical Research Ethics Committee of the Dirección General de Salud Pública/Centro Superior de Investigación en Salud Púb-lica (CSISP) de la Comunidad Valenciana.
Sample size calculation: Statistical analysis
Based on an expected incidence of HZ in the adult population of 0.4% and a precision of 0.08%, we calculated that a minimum population of 23,600 people > 14 years of age should be monitored [6] . The study population assigned to the 25 participating investigators represented a total of 36,030 individuals. This population comprised 21,500 patients aged 15-49 years, 4,893 patients aged 50-59 years, 4,057 patients aged 60-69 years, and 5,580 patients aged ≥ 70 years. The age and gender distribution of patients recruited in our study was similar to that observed in the general population (based on data from national Spanish registries [37] ).
The percentage of patients with persisting pain during follow-up was analyzed using the Kaplan-Meier method. The incidence was calculated globally by gender and by predefined age groups (< 50 years, 50-59 years, 60-69 years, and ≥ 70 years of age). Comparisons between groups were performed using Student's t-test for continuous variables with Gaussian distribution.
Logistic regression was used to identify predictors of the occurrence of PHN at 1 and 3 months (dependent variable). We considered as covariates those variables that showed a P-value of ≤ 0.25 in the univariable analysis (presence of PHN versus no PHN) and those clinically relevant in previous studies (age, gender, prodromal pain, extremities localization, sacrum localization, time from symptoms onset until diagnosis, and time from rash onset until diagnosis). We used an "enter" variable selection method. We obtained the odds ratio (OR) and 95% CI. Model calibration was tested with the Hosmer-Lemeshow test. Model discrimination was evaluated with the analysis of the area under the ROC (Receiver Operating Characteristic) curve. All P-values < 0.05 were considered to be statistically significant. All statistical analyses were performed using the SPSS software package, version 17.0 (SPSS Inc., Chicago, IL, USA).
Results
Epidemiology of PHN
Baseline characteristics of study patients are presented in Table 1 . A total of 146 HZ patients were diagnosed within the 1-year period, an annual incidence of 4.1 cases per 1,000 persons > 14 years (95 CI % = 3.4-4.7).
Median age was 63.5 years (range 19-94; interquartile range 51-75 years) and the highest incidence was observed in older patients (≥ 70 years of age), namely 11.1/1,000 population.
In the present study, only one case (1/130) of recurrence at the same site was reported at 7 months. No recurrences (0/130) at different sites were observed. Pain continued to be experienced by 47.6% of patients at 1 month after rash onset (95% CI = 35.6-56.7%), by 14.5% (95% CI = 7.8-21.2%), at 3 months, by 9.0% (95% CI = 3.7-14.3%) at 6 months, and by 5.9% (95% CI = 1.5-10.3%) at 12 months ( Figure 1 ). The median duration of pain was 26.5 days (95% CI = 20-34). Figure 2 shows the percentage of patients with PHN at 1 month and 3 months in each age group. The mean age of patients who fulfilled the PHN definition at 1 month was 66.7 years, and 61.7% of the patients were female. In the case of PHN at 3 months, the mean age was 70.1 years, and 50% of the patients with PHN were female. The percentage of patients developing PHN (at 1 month) increased with age from 21.4% (95% CI = 8.3-40) in patients < 50 years to 59.2% (95% CI = 44.4-74) in patients ≥ 70 years ( Figure 2 ). In the multivariate model, age (years) (OR = 1.04, P < 0.01) and time interval (days) between symptom onset and clinical diagnosis (OR = 1.11, P < 0.01) were both independently associated with PHN at 1 month. At 3 months, only age (OR = 1.04, P = 0.03) was found to be associated with PHN. However, we did not observe a significant association of gender or antiviral drug use (both P > 0.05) with the occurrence of PHN.
Health care and medication costs of HZ disease
During the follow-up period, 130 cases of HZ generated a total of 308 primary care visits (mean per patient = 2.37; standard deviation (SD) = 1.99), 86 visits to the Emergency Room in Primary Care Centers (mean per patient = 0.66; SD = 1.04), 38 Specialist visits (mean per patient = 0.29; SD = 1.08), 40 other professional (nurse, physiotherapist and alternative medical practitioner) visits (mean per patient = 0.31; SD = 2.82), 23 hospital Emergency Room visits (for first medical contact for the diagnosis of HZ before being attending the GP office, and for episodes of severe pain) (mean per patient = 0.18; SD = 0.52), and 29 diagnostic tests (including X-ray studies (thorax and abdomen), blood and urine tests, electrocardiograms and ultrasound scans in patients with pain but no cutaneous manifestations, before the HZ rash appeared) (mean per patient = 0.22; SD = 0.64). No confirmation molecular tests were performed. No hospitalizations for HZ disease were observed during the study follow-up.
The total cost for the management of the 130 patients included in the analysis during the 1-year follow-up period was €40,234 (US$55,120) for a Third-Party Payer (TPP) perspective (Spanish Social Security), and €49,160 ($67,349) from a societal perspective, yielding an average cost per patient of €309, SD = 308 ($423, SD = 422) and €378, SD = 431 ($518, SD = 590), respectively. The most important factor that contributed to the economic burden of disease (Table 2 ) was medication (33% and 37% of the cost from the TPP perspective and the societal perspective, respectively) followed by GP visits (29% and 23% of the cost from the TPP perspective and the societal perspective, respectively), and Emergency in Primary Care visits (18% and 15% of the cost from the National Payer perspective and the societal perspective, respectively) ( Table 2) .
Ninety-one percent of patients were prescribed antivirals, representing 77% of the total cost of medication. Other medications used were anticonvulsants (12.2%), analgesics (4.7%), antidepressants (0.6%), opioids (0.5%) and corticoids (0.4%), accounting all together for 18.4% of the total costs of medications. Total and mean costs per age groups are summarized in Table 3 .
Our study patients lost a total of 565 hours of work (mean per patient = 4.35; SD = 25.99) and their carers lost 6 hours of work (mean per patient = 0.05; SD = 0.53).
Cost of PHN1
Total cost of the management of patients with PHN1 was significantly (P < 0.001) higher (total cost, €32,974 ($45,110); mean per patient, €549 ($752), SD = €580 ($795)) compared with the cost for patients without PHN (total costs, €16,186 ($22,175)); mean per patient, €231 ($316); SD = €107 ($147)). The most important factor that contributed to the cost was medication (€10,923 ($14,964); mean per patient, €182 ($249), SD = €182 ($249) followed by GP visits (€6,686 ($9,160); mean per Table 4) .
Cost of PHN3
Total cost of management of patients with PHN3 was significantly higher (P < 0.001) (total costs, €14,786 ($20,257); mean per patient, €821 ($1,125), SD = €681 ($941)) compared with the cost for patients without PHN (total costs, €34,373 ($47,091); mean per patient, €307 ($421), SD = €328 ($449)). The most important factor that contributed to the cost was medication (€5,730 ($7,850); mean per patient, €318 ($436), SD = €280 ($384)) followed by Emergency in Primary Care visits (€2,421 ($3,317); mean per patient, €134 ($184), SD = €165 ($226)) and GP visits (€2,393 ($3,278); mean per patient, €133 ($182), SD = €91 ($125)) ( Table 5 ). None of the study patients was treated by pain clinics during the one year follow-up. Table 6 presents detailed information regarding the consumption of resources by patients with PHN1 and PHN3.
Discussion
No previous study has provided current HZ epidemiological data and a detailed estimate of the associated costs in Spain. It is important to highlight that our study was prospectively designed and patients' symptoms were monitored periodically by phone until PHN resolution. As mentioned above, no medical visits were planned for study purposes in order to allow for a more accurate estimate of healthcare resource consumption associated with HZ management. Moreover, this is the first study in Spain that provides information about the cost of HZ and PHN on an outpatient basis. Others have reported the cost of HZ in patients admitted to hospital [38] . In our study the 1-year incidence of HZ was 4.1 per 1000 persons (95% CI = 3.4-4.7) in those aged > 14 years. The incidence of PHN was 47.6% at 1 month. [40] . In the USA, a groundbreaking study by Yawn [27] reported that the incidence of HZ in subjects > 22 years in the US was 3.6 per 1000 person-years (95% CI = 3.4-3.7). The incidence of PHN in the same population was 82% when defined as pain of at least 1 month duration. In the case of 3-month PHN (PHN3), our results (14.5%) were similar to those ** TPP Perspective (Third-Party Payer = Spanish Social Security): public medical visits + diagnostic test + percentage that Spanish National Health System pays for prescriptions. ‡ Societal perspective: TPP perspective items + percentage that patient pay for prescription + private medical visits + medication not included in the Spanish National System + cost for lost hours of work. Direct costs: medical care and medications, and included: 1) the number of medical visits: primary care visits, primary care emergency consultations, specialist visits, other professional visits, hospitalizations, hospital emergencies; 2) medications prescribed and/or consumed and 3) diagnostic tests. # Indirect costs: productivity losses of patients and/or their carers, calculated from the number of hours of work missed due to herpes zoster.
reported in other observational studies in Europe [23, 24, 40] , and also to those reported in the USA [4, 27] .
Although differences were observed with regard to PHN1 between our study and that of Yawn [27] , the incidence of HZ and PHN at 3 months was similar though determined in slightly different populations (> 22 vs. > 14 years). We do not have a reason for the 1-month difference as both study populations showed a similar distribution of age and gender, both of which have an effect on the incidence of PHN. Nevertheless, the different study designs might have an impact in this regard. The study by Yawn [27] was retrospective and the present investigation was prospective to better estimate the occurrence of PHN.
The main risk factor for developing PHN among immunocompetent subjects in our study was age. An increase in 1 year of age yielded a 4.2% increase in the risk of PHN at 1 and 3 months. This finding has been previously observed by other authors [23, 24] .
There is controversy as to whether gender can be considered an actual risk factor for PHN as some studies found an association [24, 39] while others did not [23] . Differences between genders, regarding perception and response to pain, may explain the disparities [41] , or a higher GP attendance by women may play a part.
In our study the overall percentage of patients treated with antivirals was high, namely 91%, when compared with the proportion of patients (58.8%) in whom treatment was initiated within 72 hours of the onset of rash (following the current treatment recommendations). However, this proportion was not substantially different to that observed in other previously published studies, such as the Oxman study [4] . In that study, the percentage of patients treated with antiviral drugs ranged from 85.7% to 87.3%. Differences in study design might have influenced the small differences between the studies.
In our study the prescription of antiviral therapy was not associated with the occurrence of PHN, although it should be stressed that a high percentage of patients (41.2%) received antivirals beyond 72 hours after rash onset. After adjusting for other co-variates, such as age and presence of chronic illness, it was not found that antivirals would act as a preventive measure for the development of PHN.
This study also provides a recent estimate of the economic burden of HZ and PHN in a developed country. Given that the size of Spanish population age > 14 years in 2007 was 38,443,352 inhabitants, and that the prevalence of HZ was 4.1 cases per 1,000 persons > 14 years (95% CI = 3.4-4.7), we estimate a national cost of €59.6 million per year (95% CI = 49.4-68.3), which represents 0.06‰ of the 2007 gross national product (GNP) .
In comparing with other European studies, our investigation found the cost of HZ to be €378 per patient, roughly double the cost reported by Gautier [24] (103 GB Pounds [£] equivalent to €151), but was lower than those reported by Davies [42] (£770, equivalent to €1132), Edmunds [43] (£306 equivalent to €450) and Scott [23] (£524, equivalent to €770). The high cost reported by Davies [42] could be due to the fact that the patients attended a tertiary referral center with a specialist pain clinic. We report a cost per PHN episode of 549 € using the 1-month definition, similar to that reported by Gautier [24] (£341, equivalent to €501). Applying the 3-month PHN definition, we report a total cost equal to €821 per patient while it was of £397 (€584) in Gautier's study [24] .
In the USA, the comparable study by Yawn [44] found that the mean HZ-attributable cost was $782 (€531) for those patients in an outpatient setting. In our study (no hospitalizations were recorded) the mean cost was €378, significantly lower than that reported in the Yawn study [44] . For those patients who developed PHN, a mean cost of $4,388 per patient (€3203) was obtained in the Yawn study [44] . Again, this figure was substantially higher than our estimate (€821). Noteworthy in the Yawn's study there were 66 HZ-related hospitalizations, (with a mean length of stay of 5.1 days) compared to none hospitalizations in our study. This could explain, at least partially, the observed differences.
Comparisons between different studies from different countries are controversial due to substantial disparities in economic, demographic, cultural and institutional (health sector) structures [45] . Moreover, the different rate of antiviral prescribing (50% in the Gautier [24] study vs. 91% in the present study) might have accounted for some of the differences in the total cost between the studies. This issue is in contrast with the current recommendations of clinical consensus reports and needs to be studied in detail separately [46] . In line with Gautier's study in Europe [24] and Yawn's study in the USA [44] , the most important factor that contributed to the economic burden was medication, followed by general practitioner visits.
HZ and PHN have an important impact for the Spanish Health Service, society and the individual. Current therapies and options do not completely alleviate the acute pain, and fail to prevent PHN, and thus provides preventive measures such as vaccination may be warranted. Zoster vaccine has been shown to reduce the burden of HZ by decreasing the incidence and symptom severity, and it has also been shown to reduce the incidence of PHN compared with placebo [4] .
Our study has some limitations. First, those patients with HZ who may have gone to a private practitioner might not be detected in our study, leading to an underestimate of the disease; however, it can be presumed that this proportion of patients would be small given the free health care provision in Spain and the reimbursement of drugs prescribed in public GP offices. In Spain many patients directly attend Accident & Emergency (A&E) departments when they perceive a disease as "serious". This might have underestimated our incidence result. Any way, we consider that this underestimation should not be of considerable importance as in the Valencian Community, usually patients diagnosed by the A&E departments physicians or private specialists, in addition, attend to their primary care GP for prescription and reimbursement of medication, thus being susceptible to be recruited in the study. Second, our study is not a population-based study but is based on a convenience sample of primary healthcare GP offices, so extrapolation of our results to the general adult population should be made with caution. Finally, in our study the costs related to working time lost showed a wide range of variation as indicated by a high standard deviation, thus making interpretation difficult.
Conclusions
HZ and PHN are prevalent diseases in Spain whose incidence increases with age. HZ and PHN have a significant clinical and economic burden. Randomized controlled trials would be appropriate and necessary to investigate the role of antiviral therapy in preventing PHN when prescribed more than 72 hours after rash onset.
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